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Chemistry of 3-Methoxy-3-methyl-2-0xa-7,7- Cl 0
dichloronorcaranes,
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We wish to describe an improved procedure for the syn-
thesis of 3-alkoxy-2-0xa-7,7-dichloronorcaranes, employing Ac,0 al
phase-transfer catalysis (PTC),® and the chemistry of these pyridine H--
dichlorocarbene adducts of 2-alkoxy-3,4-dihydro-2H -pyrans AcO
that results in the convenient preparation of potentially useful Cl
synthons of defined stereochemistry. For this study, 3-me- R
thoxy-3-methyl-2-0xa-7,7-dichloronorcarane (2a) and 3- 4a
methoxy-1,3-dimethyl-2-o0xa-7,7-dichloronorcarane (2b) were 4b

prepared from the corresponding 2-methoxy-2-methyl- (1a)4
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and 2-methoxy-2,6-dimethyl-3,4-dihydro-2H-pyran (1b)? in
a two-phase chloroform-sodium hydroxide mixture using
cetyltrimethylammonium chloride as the phase-transfer
catalyst. For the efficient and convenient synthesis of these
rather labile compounds,? this method is an improvement over
our previously described procedure of generating the dichlo-
rocarbene by the decomposition of ethyl trichloroacetate with
sodium methoxide.®

NMR and GLC analyses of the crude and purified product
indicated that only one stereoisomer is formed when adding
the dichlorocarbene generated from PTC to these two 2-
methyl substituted 3,4-dihydro-2H -pyrans la and 1b.” The
adducts 2a and 2b have been tentatively assigned the trans
configuration where the dichlorocarbene has added trans to
the methoxy group.® This assignment is based entirely on the
chemical shift of the C-1 proton [6 3.56 (d, J = 8 Hz)] of 2a as
compared to the same proton in trans-3-methoxy-2-oxa-
7,7-dichloronorcarane [6 3.50 (d, J = 8 Hz)] and cis-3-me-
thoxy-2-oxa-7,7-dichloronorcarane [ 3.71 (d, J = 8 Hz)].8

Acid hydrolysis (trace of 1 N HoSOy4 in acetone) of the 3-
methoxy-2-oxa-7,7-dichloronorcares 2a and 2b afforded cis-
2,2-dichloro-3-(3-ketobutyl)cyclopropanol (3a) and cis-
2,2-dichloro-3-(3-ketobutyl)-1-methylcyclopropanol (3b),
respectively. The cyclopropanols were isolated and charac-
terized as the corresponding acetates 4a and 4b.%10

The expected cis stereochemistry of the cyclopropanols was
confirmed in the case of 3a by NMR analysis of both the cy-
clopropanol 3a and its acetate 4a. The coupling constants of
the doublet for the C-1 proton at 6 3.67 for 3a and at 6 4.30 for
4a are 7.5 and 8.0 Hz, respectively. Comparing the magnitude
of this vicinal coupling with two model compounds, cis- and
trans-1,1-dichloro-2-ethoxy-3-methylcyclopropane, where
the coupling constants are 8.5 and 4.8 Hz,!! respectively, for
the C-2 proton doublet at 6 3.36 for the cis isomer and at § 2.98
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for the trans isomer clearly demonstrates the stereochemistry
of the cyclopropanol 3a to be cis.

Solvolysis of the 2-0xa-7,7-dichloronorcaranes 2a and 2b
in silver acetate-acetic acid yielded (E)-2-chloro-6-keto-2-
heptenal (5a) and (E)-3-chloro-3-octene-2,7-dione (§b), re-
spectively.
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In contrast, solvolysis of 2a in silver nitrate-methanol or
in refluxing methanol after 6 hours afforded (E)-2-chloro-
6-keto-2-heptenal dimethyl acetal (6), which could be hy-
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drolyzed in dilute acid (trace of 1 N HySOy in acetone for 30
min) to the heptenal 5a. Spin decoupling experiments with
6 established that the coupling constant for the allylic coupling
was very small (J; 3 < 1.0 Hz)'2 and consequently confirmed
the double-bond stereochemistry as E.

Solvolysis of 2b in silver nitrate-methanol resulted in a
mixture of (F)-3-chloro-3-octene-2,7-dione (5b) and a mo-
noketal. Treatment with dilute acid (trace of 1 N H2SOy4 in
acetone for 30 min) converted the mixture to the dione 5b.
(E)-3-Chloro-3-octene-2,7-dione (5b) could also be obtained
after refluxing 2b in methanol for 2 h.

For all of the ring-opened products 5-6 from these solvolysis
reactions of the 3-methoxy-2-oxa-7,7-dichloronorcaranes, the
E stereochemistry of the double bond is expected. Solvolysis
of the syn chlorine substituent!3 results in a concerted disro-
tatory ring opening of the dichlorocarbene adduct 2, gener-
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ating the E double bond.1¢ These products, as well as the cy-

clopropanols, should prove useful in synthesis because of their

functionality and stereochemistry, and ease of preparation.
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Experimental Section!5
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General Comments. The preparation of 2-methoxy-2-methyl- (1a)
and 2-methoxy-2,6-dimethyl-3,4-dihydro-2H-pyran (1b) has been
described.* Gas chromatographic analyses (GLC) were performed on
200 X 0.3 cm (i.d.) glass columns packed with 3.8% silicon gum rubber
SE-30 (methyl) or 10% silicon gum rubber XE-60 (25% cyanoethyl,
methyl) supported on 60-80 mesh Chromosorb W (AW, DMCS).
Column chromatography was performed on 60-100 mesh Floridin
magnesium silicate (Florisil) columns by eluting with pentane-Et0.
Distillations were accomplished with a short-path or Kugelrohr ap-
paratus; all boiling points are uncorrected. The assigned structure of
each product was consistent with the spectral data. Composition
analyses (£0.4% for C, H, C}) for all new compounds were submitted
to the editor. Representative experiments are described to illustrate
these reactions, and significant data on all new compounds are in-
cluded in the Experimental Section.

3-Methoxy-3-methyl-2-oxa-7,7-dichloronorcarane (2a). To
a stirred and warmed (50 °C) mixture of 2.56 g (20 mmol) of 2-me-
thoxy-2-methyl-3,4-dihydro-2H -pyran (1a) and 10 mg (33 umol) of
cetyltrimethylammonium chloride in 6 mL of chloroform was added
slowly (15 min) a solution of 6.4 g of NaOH in 13 mL of H50. After 2
h at 50 °C, the mixture was cooled and partitioned between water and
Et30. The organic phase was separated, washed with water until the
washings were neutral (Litmus test), and dried (MgSOy). Removal
of solvent in vacuo afforded 3.98 g of a 3:1 (GLC) mixture of 2a and
5a. Column chromatography afforded 2.90 g (69%) of 3-methoxy-3-
methyl-2-oxa-7,7-dichloronorecarane (2a): bp 100 °C (12 torr); NMR
(CDCly) 6 3.56 (1 H,d,J =8Hz),3.27 (3 H,s),2.36-1.42 (6 H, m), 1.28
(3 H, s); MS m/e (relative intensity) 183 (11), 181 (26), 179 (13), 177
(4), 175 (17), 149 (8), 147 (30), 113 (2), 111 (22), 109 (35), 85 (29), 72
(33), 43 (100).

3-Methoxy-1,3-dimethyl-2-0xa-7,7-dichloronorcarane (2b):
bp 110 °C (8 torr); NMR (CCly) 6 3.23 (3 H, s), 1.53 (3 H, s) superim-
posed on 2.55-1.27 (5 H, m), 1.21 (3 H, s); MS m/e (relative intensity)
226 (M+, 0.75), 224 (M™, 1), 209 (1), 197 (0.75), 195 (3), 193 (5), 191
(1),189 (4), 185 (1), 183 (7), 181 (10), 159 (2), 157 (8), 113 (4), 111 (11),
109 (17), 85 (18), 43 (100).

cis-2,2-Dichloro-3-(3-ketobutyl)cyclopropanol Acetate (4a).
To a solution of 1.00 g (48 mmol) of 3-methoxy-3-methyl-2-oxa-
7,7-dichloronorcarane (2a) in 10 mL of acetone was added 0.1 mL of
a 1 N HsS0, solution. After stirring for 30 min, the mixture was
poured into a saturated NaHCOj solution and extracted with Et,O.
The organic phase was washed with brine and dried (MgSO,), and the
solvent was removed in vacuo, affording 840 mg (93%) of cis-2,2-
dichloro-3-(3-ketobutyl)cyclopropanol (3a).16

After a solution of the crude cyclopropanol 3a in 6 mL of Ac,O~
pyridine (1:1) had stirred for 17 h, 3.2 mL of MeOH was added. After
30 min, the mixture was partitioned between Et20 and cold water.
The separated organic layer was then washed twice with cold 1 N
H2S0y, twice with brine, once with saturated NaHCOj3, and again with
brine. After drying (MgSQO,) and removing the solvent in vacuo, the
crude acetate (985 mg) was purified by column chromatography,
yielding 780 mg (67%) of cis-2,2-dichloro-3-(3-ketobutyl)cyclopro-
panol acetate (4a): IR (film) 1760, 1718 cm~!; NMR (CDCls) 6 4.30
(1H,d,J =80Hz),261 (2H,t,J =7Hz),2.14(3H,s),2.10 (3 H, s),
1.88-1.56 (3 H, m); MS m/e (relative intensity) 242 (M, 0.5), 240 (M*,

Notes

2.5),238 (M, 3.6), 199 (4), 197 (12), 195 (16), 183 (2
163 (11), 161 (33), 145 ( 5) 143 (12), 43 (100).
cis-2,2-Dichloro-3-(3-ketobutyl)-1-methylcyclopropanel

Acetate (4b). Following the procedure above, hydrolysis of 2b af-
forded 3b!7 that on acetylation yielded a mixture, which was separated
and isolated by column chromatography, of 4b (30%) and 5b (60%).
cis-2,2-Dichloro-3-(3-ketobutyl)-1-methylcyclopropanol acetate (4b):
IR (film) 1760, 1717 cm~1; NMR (CCly) 6 2.56 (2 H, t,J = 7 Hz), 2.10
(3H,s),2.04 (3H,s), 1.71 (3 H, s) superimposed on 1.82-1.18 (3 H,
m).

(E)-2-Chloro-6-keto-2-heptenal (5a). After refluxing a solution
of 259 mg (1.23 mmol) of 3-methoxy-3-methyl-2-oxa-7,7-dichloro-
norcarane (2a) and 250 mg (1.48 mmol) of silver acetate in 5 mL of
HOAc for 2 h, 2 mL of Ho0 was added and the heating continued for
15 min longer. After cooling, the reaction mixture was extracted with
CH2Cls. The organic phase was washed with brine, saturated
NaHCOjg, and brine again and dried (MgS0,), and then the solvent
was removed in vacuo. Column chromatography afforded 135 mg
(88%) of (E)-2-chloro-6-keto-2-heptenal (5a) as a colorless oil: IR
{film) 1715, 1700, 1625 cm™1; UV 4., (isopropyl alcohol) 236, 286 sh
nm (e 12 000, 560); NMR (CCly) 69.25 (1 H, s), 6.88 (1 H, t with further
fine splitting, J = 7 Hz), 2.71-2.59 (4 H, m), 2.12 (3 H, s); MS m/e
(relative intensity) 160 (M+, 1), 143 (2), 131 (1), 125 (1), 119 (1), 117
(5), 81 (3), 53 (9), 43 (100).

(E)-3-Chloro-3-octene-2,7-dione (5b): IR (film) 1715, 1688, 1618

em™1; UV 0y (isopropyl alcohol) 238 nm (e 10 980); NMR (CDCly) &
6.96 (1 H, t with further fine splitting, J = 7 Hz), 2.74-2.56 (4 H, m),
2.39 (3H,s),2.17 (3 H, s); MS m/e (relative intensity) 176 (M, 1.5),
174 (M™, 3.8), 139 (1.5), 138 (2), 133 (5), 131 (23), 95 (13), 67 (12), 53
(7), 43 (100).

(E)-2-Chloro-6-keto-2-heptenal Dimethyl Acetal (6). After
a solution of 1.055 g (5.00 mmol) of 3-methoxy-3-methyl-2-oxa-
7,7-dichloronorcarane (2a) in 7 mL of methanol was added to a stirred
solution of 1.25 g (7.4 mmol) of silver nitrate in 18 mL of methanol,
a white precipitate gradually formed. After 24 h, the reaction mixture
was partitioned between brine and Et;0. The organic phase was
separated and dried (MgSQy), and the solvent was removed in vacuo.
Column chromatography afforded 915 mg (85%) of (E)-2-chloro-6-
keto-2-heptenal dimethyl acetal (8) as a colorless oil: bp 90-95 °C (12
torr); IR (film) 1718, 1665 cm~%; NMR (CDCl3) 5 6.03 (1 H, t with
further fine splitting, J = 7 Hz), 4.68 (1 H, s with fine sphttmg) 3.30
(6 H,s),2.72-2.32 (4 H, m), 2.13 (3 H, s); spin decoupling by irradiation
at 253 Hz (6 2.53) collapsed the triplet at 6 6.03 to a singlet with fine
splitting and the singlet at § 4.68 sharpened but still exhibited fine
splitting; MS m/e (relative intensity) 206 (M™, 1), 177 (5), 176 (10),
175 (16), 174 (30), 133 (24), 131 (67), 97 (80), 75 (76), 53 (43), 43
(100).
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The reduction of organic halides by organostannanes, first
reported by vanderKerk et al.,2 has subsequently found nu-
merous applications. The reduction product has generally
been separated from the organotin halide byproduct by dis-
tillation, gas chromatography, selective extraction, column
chromatography, sublimation, a combination of some of these
techniques, or in an unspecified manner.3 We would like to
report a facile, general method for the isolation of reduction
products from the concomitantly formed organotin halide
byproducts (eq 1).

>C-X +>Sn-H - >C-H + >8n-X (1)

In general, the reactants and products of the reduction re-
action are all soluble in nonpolar organic solvents, and a simple
solubility-based separation of the reduction product and the
organotin halide cannot be achieved. In contrast to organotin
chlorides, bromides, and iodides, trialkyl- and triaryltin
fluorides are high melting, nonvolatile, insoluble (in both or-
ganic solvents and in water), “polymeric” materials.*
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The desired separation of reduction product and organotin
halide can be accomplished by conversion of the organotin
halide (R3SnX; X = Cl, Br, I) to the insoluble organotin flu-
oride by simply “extracting” the reduction mixture, dissolved
in a nonpolar solvent, with a solution of potassium fluoride
in water (eq 2). The original organotin halide is converted to
an insoluble (in either the organic or aqueous phase) organotin
fluoride which can be readily separated by filtration. The
organic layer can be separated and dried and the solvent re-
moved to yield the reduction product.®

R3SnX + KFqq — RaSnF) + KX, 2)
X = Cl, Br, I

As an example, the reduction of 1,3,5,7-tetrabromoadam-
antane to adamantane-1,3,5,7-d4 in quantitative (crude) and
92% (isolated) yield is reported below. We suggest that this
technique is of general utility and that it markedly facilitates
product isolation in organostannane reductions.®7

Experimental Section

Adamantane-1,3,5,7-d4 (1) was prepared by the reaction (under
nitrogen) of 9.5 g (0.021 mol) of 1,3,5,7-tetrabromoadamantane® with
25.0 g (0.086 mol) of tri-n-butyltin deuteride® in 100 mL of dry ben-
zene at reflux for 24 h. After cooling, the benzene was removed on a
rotary evaporator and the resultant residue was dissolved in 100 mL
of ether. The ethereal solution was treated with excess KF in water
(~10 g in 100 mL). The precipitated tri-n-butyltin fluoride was re-
moved by filtration at reduced pressure, and the ether layer of the
filtrate was separated and dried (MgSO4). Removal of the solvent
yielded 2.90 g (quantitative yield) of crude 1; subsequent sublimation
of the crude product yielded 2.70 g (92%) of 1, mp 268-269 °C (sealed
tube) [lit.1® mp 269.6-270.8 °C (sealed tube)]. NMR and mass spectral
analyses indicated ~95% d4 incorporation.!!
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